Hypothesis: Contained and free anastomotic leaks, which occur in a small percentage of patients after colorectal surgery, are different clinical entities and consequently should be managed differently.
A NASTOMOTIC BREAKDOWN after colorectal surgery is infrequent but has significant consequences, including increased risks of surgical site infection, deep vein thrombosis, pulmonary embolism, pneumonia, cerebrovascular accident, septic shock, and death. [1] [2] [3] [4] In cancer operations, leaks increase the risk of locoregional recurrence and decrease the probability of survival. 5, 6 Conventional wisdom holds that there is a difference between the patients who present with free perforation and associated peritonitis (free leaks) and those with contained leaks. The difference is said to be defined by such features as the presence or absence of peritonitis, the presence or absence of localized findings on contrast radiographs, or the anastomotic appearance of the leak at the time of exploration. 3, 7 A distinction between free and contained anastomotic leaks makes sense to most physicians. At an intuitive level, the patient with disseminated intra-abdominal sepsis from a broken down colocolostomy simply seems different from the patient with a localized abscess next to and in communication with an anastomosis. As a result of this intuitive assumption, many surgeons treat patients with contained leaks differently from those with free leaks. Patients with contained leaks tend to be treated with percutaneous drainage, whereas the patients with free leaks tend to be treated surgically with emergent reexploration, takedown of the anastomosis and creation of an end stoma, or a proximal diversion via a loop ileostomy. 1, 8 The goals of this study were to evaluate the validity of this conventional wisdom and to compare empirically the presentation, course of treatment, morbidity, and mortality in the patients with free and contained anastomotic leaks that were in communication with the gastrointestinal tract.
METHODS

STUDY POPULATION
We gathered retrospective data on 4019 patients who underwent elective colectomy with a primary anastomosis at Massachusetts General Hospital between January 1, 1992, and December 13, 2004 . Identifying these patients by searching first for the International Classification of Diseases, Ninth Revision (ICD-9) procedure code for colectomy (45. 7, 45.8, 45.93, 45.94, 48 .63, and 54.21), we then identified 339 patients within this population who also had an associated ICD-9 code for a gastrointestinal complication (997.4). We audited the medical records of these 339 patients and identified 62 patients with anastomotic leaks. One of these patients was excluded because he presented 274 days after his operation with a perforation at the anastomosis in the setting of a recurrent cancer. Three other patients were excluded because they underwent emergent colectomy and were not representative of the elective population. This left 58 patients in our study population.
The medical records of the 58 patients diagnosed as having an anastomotic leak were abstracted to capture relevant co-morbidities, indications for initial colectomy, surgical details relating to the procedure, clinical and laboratory data relating to the presentation of the leak at the time of diagnosis, and information detailing the management strategy used to treat the leak. Finally, we collected data on morbidity and in-hospital mortality. We obtained approval from the Massachusetts General Hospital institutional review board before data collection.
DEFINITIONS OF LEAK
For the purposes of this study, we defined an anastomotic leak as the breakdown of a colonic anastomosis associated with an intraabdominal collection identified either by contrast radiographs before a subsequent operation or by the surgeon at the time of a subsequent operation. We classified leaks as contained or free on the basis of the original classification by the surgeon and as verified by available clinical information by reviewing computed tomographic scans, diatrizoate meglumine (Gastrografin) enemas, abdominal radiographs, and operative reports. Clinical data were available to verify the diagnosis in all cases. In general, contained leaks were defined in terms of a localized collection, whereas free leaks were defined as those with diffuse gross contamination of the peritoneal cavity. Our study excluded patients presenting with perianastomotic collections detected by computed tomography if these collections lacked a demonstrable communication with the gastrointestinal lumen.
STATISTICAL ANALYSIS
The 28 patients who had been characterized as having contained anastomotic leaks were compared with 30 patients who had been characterized as having free leaks. Primary outcomes of our study included the need for subsequent operative exploration and in-hospital mortality; secondary outcomes included time to presentation, symptoms at presentation, and hospital course. Categorical variables were reported as percentages, and 95% confidence intervals (CIs) were calculated using standard binomial distributions for proportions. Continuous variables were reported as means or medians. The Fisher exact or 2 test was used to compare categorical variables. For longitudinal variables, a t test analysis of the means was performed. Two-tailed PϽ.05 (␣=.05) was considered statistically significant.
To prevent type II errors in accepting the null hypothesis and arguing for equivalency, the Two One-Sided Tests Procedure was performed as described elsewhere. 9 Briefly, the absolute difference between the groups (contained vs free leaks) in the percentage of the patients who achieved either primary outcome (operative intervention or in-hospital mortality) was calculated along with its (1 − 2␣) ϫ 100 (90%) CI. These ranges were compared against the predetermined, clinically significant, 25% absolute difference between groups. When the entire calculated range is within the ±25% boundary, then the groups can be considered statistically equivalent.
RESULTS
DEMOGRAPHICS
Our population of patients with contained leaks (n=28) and free leaks (n=30) were similar in age (median age, 65 and 63 years, respectively), American Society of Anesthesiologists class (median class of 3 in both cases), and medical history, with 2 exceptions: patients with contained leaks appeared to have a higher rate of diabetes mellitus and neoadjuvant therapy ( Table 1 ). The populations showed no significant differences in the indica- tion for the initial operation (P = .54) (Table 1) , the procedure performed (P = .44), the type of anastomosis (P=.38), or whether the anastomosis was hand sewn or stapled (P=.43) ( Table 2) .
CLINICAL FEATURES
We found that most leaks (44 [76%]) had been diagnosed radiographically with either contrast computed tomography or diatrizoate meglumine enema (P=.36). On average, anastomotic leaks presented on postoperative day 8 (range, 3-65 days). However, free leaks presented earlier than contained leaks (median postoperative day 6.5 [95% CI, 6-9 days] vs 9 [7-11 days]; P=.03). Free leaks also tended to be identified during the primary admission, whereas contained leaks presented equally during the primary admission and after discharge. Patients in both groups presented with an average of 3 symptoms, most commonly abdominal pain (37 patients [64%]), fever (30 patients [52%]), or nausea (14 patients [24%]). Eighty percent of the patients also had nonspecific findings on their physical examination, such as lowgrade fever (median temperature, 38.6°C), mild tachycardia (median heart rate, 90/min), and leukocytosis (median white blood cell count, 14.8 cells/µL [to convert to number of cells ϫ10 9 per liter, multiply by 0.001]). Only 22% had frank peritonitis. Between the population with free and contained leaks, we found no statistically significant differences in rates of occurrence of any of these symptoms, except that more patients with a contained leak tended to report subjective fevers (68% vs 37%; P=.02) ( Table 3) .
Notwithstanding the generally similar presentations and symptoms, we found significant differences in the initial management of leaks, depending on their classification as free or contained. Patients with contained leaks were significantly more likely to have been treated initially with either antibiotics alone or percutaneous drainage. Those with free leaks were more likely to have undergone operative intervention (P=.009; Figure 1 ). Nearly all (26 of 30) patients with free leaks went to the operating room in the first 24 hours after their diagnosis compared with only 14 of the 28 patients with contained leaks (P=.001). Twenty-seven of the 30 patients with free leaks (90%) ultimately required proximal diversion.
A total of 14 patients underwent percutaneous drainage procedures by interventional radiology with the placement of 25 catheters. Of these patients, 4 had free leaks; these patients had an average of 2.5 drains placed, and all but 1 of them underwent subsequent operative intervention. The remaining 10 patients had contained leaks, with each patient having a mean of 1.5 drains placed; 7 of these patients underwent subsequent operative intervention. All drains were placed by the interventional radiology department with choice of technique and approach dictated by cross-sectional imaging and the clinical scenario and determined by the attending interventional radiologist.
Despite these attempts at nonoperative treatment in the patients with contained leaks, 24 of these 28 patients (86%) ultimately required surgery, and 19 received colostomies (Figure 1 ). This similarity in ultimate treatment, when compared with patients with free leaks, mirrored similar out- Abbreviation: LAR, low anterior resection. a There is no statistically significant difference between the groups in the distribution of procedure (P =.44), anastomotic type (P =.38), or anastomotic method (P = .43). comes in in-hospital mortality, which was the same between groups. In the end, no significant differences were found in either primary end point between patients with contained leaks and those with free leaks; the rate of reexploration was 14% vs 3% (P=.10) and the overall in-hospital mortality was 18%vs17%(PϾ.99).Furthermore,theseoutcomesbetween the groups are statistically equivalent (Figure 2) .
Patients with free leaks had a significantly higher rate of admission to the intensive care unit than those with contained leaks (30 of 30 [100%] vs 9 of 28 [32%]; PϽ.001) and a significantly higher rate of blood transfusions (12 patients with contained leaks vs 29 with free leaks, P=.03, respectively; average, 1.75 U for patients with contained leaks [95% CI, 0.7-2.8 U] vs 7.5 U for patients with free leaks [95% CI, 2.5-12.5 U]; P=.43), but they did not have a significantly higher rate of intubation, need for vasoactive medications, or total parental nutrition ( Table 4 ). Patients with free leaks were no more likely than those with contained leaks to be readmitted for leak-related complications (4 patients [14%] vs 5 [17%]; PϾ.99). However, patients classified as having contained leaks were twice as likely to undergo successful reversal of their stoma (13 of 19 patients [68%] vs 9 of 27 patients [33%]; P=.03) ( Table 4 ).
COMMENT
To our knowledge, our population of 58 patients presenting with anastomotic leaks holds the (arguably dubious) distinction of being the largest series of symptomatic leaks reported in the literature. Nevertheless, our leak rate of 1.5% is roughly half of that reported in most other studies. Depending on the definition used and the study population, anastomotic leaks have a reported incidence of between 0.5% and 30%, with most large studies reporting a leak rate of approximately 3% to 6%. [1] [2] [3] [4] 8, 10, 11 This difference may in part be owing to the relatively stringent definition of anastomotic leak used in our study. There is no consensus definition of anastomotic leak, and many prior studies 12 have used a broad definition based on clinical and radiographic features. By contrast, we defined our leaks (as did a recent series from the University of Vermont 13 and the series published by Alves et al 1 ) as those leaks with clear demonstrable evidence of communication between the gastrointestinal lumen and the peritoneum at the anastomosis.
We then further subdivided these leaks into either contained or free on the basis of radiographic or operative appearance. This division is consistent with the intuitive approach of many surgeons and with past studies that have asserted a difference between patients with contained and free leaks. For example, in a series of 38 anastomotic leaks In-Hospital Mortality Figure 2 . Primary outcomes are the same in patients with contained or free leaks. A, The percentages of patients with either a contained or free leak that required operative intervention and in-hospital mortality rates are shown with their associated 95% confidence intervals (error bars), demonstrating their equivalence. B, The Two One-Sided Tests Procedure was performed to further demonstrate this. The absolute differences between the populations were calculated and are plotted with the associated 90% confidence interval (error bars). This entire range lies within the predetermined, clinically significant difference of 25%.
(REPRINTED) ARCH SURG/ VOL 144 (NO. 4), APR 2009 after 219 low anterior resections, Karanjia et al 7 reported 24 free leaks (symptomatic) and 14 contained leaks (radiographic), with all mortality (3 patients [8%]) confined to the free leak group. In addition, of the patients with contained leaks, 85% had stoma closure, whereas only 54% of those with free leaks had their stomas closed, suggesting a better overall course for those with contained leaks. In this study, by contrast, we suggest that the differences between free and contained leaks may be a result of wishful thinking more than of actual clinical outcomes. Contained leaks tended to have the same signs and symptoms as free leaks. Although they were more likely to have been subjected to attempts at nonoperative treatment, this modality failed in almost all patients with contained leaks, and these patients subsequently required surgical intervention. We also noted surprising similarities in in-hospital mortality and leak-related readmission. Thus, although the anatomy of the leak might argue for an attempt at nonoperative treatment, our series raises questions about this approach, suggesting that almost all of these patients ultimately will require surgery for definitive treatment.
Our questions about the efficacy of dissimilar treatment and delay in surgical intervention for patients with contained leaks are heightened by the unexpected finding of similar mortality in the free and contained leak populations. Patients with contained leaks were significantly less likely to require intensive care unit admission or blood transfusion and were significantly more likely to be discharged to home rather than to rehabilitation hospitals and should, perhaps, have had lower overall mortality rates. Karanjia et al 7 showed no mortality in their minor leak group and, although their definition of free and contained leaks was not commensurate with ours, it indicates that the severity of intra-abdominal disease can be correlated with overall mortality. In addition, there was a trend toward a statistically significant higher rate of stoma closure for those with contained leaks. These factors suggest that the population with contained leaks presented initially as more stable. If one posits that patients with a contained leak should have lower mortality rates than those with a free leak, then equal mortality between the 2 groups is noteworthy and may suggest that these patients were undertreated or treated too late. If this is, in fact, correct, then perhaps anastomotic leaks should be treated the same, regardless of whether they are seen as contained or free. There should be no distinction in clinical management between the two.
There are reasons to believe that early surgical intervention will improve mortality rates in those diagnosed as having contained leaks. Alves et al 1 showed that the mortality ratewas0%(of11)forpatientsoperatedonagainbeforepostoperative day 5 and 22% (5 of 23) for those operated on after postoperative day 5. Importantly, in our study, the median day of presentation was postoperative day 6.5 for free leaks and postoperative day 9 for contained leaks. The fact that patients with contained leaks tended to present and to have their conditions diagnosed later may help explain why there were no differences in mortality rates between those with contained and free leaks. Had these leaks been detected the average of 2.5 days earlier that free leaks were, it is possible that there would have been lower mortality rates in the contained leak group. The lower mortality rate associated with earlier definitive intervention in other studies further strengthens the argument that delays associated with nonoperative treatment may further exacerbate the mortality of those with contained leaks.
A word of caution is in order. Our study, as previously noted, used a narrow and relatively rigorous definition of leak. Many patients whom their surgeons would classify as havingacontainedleak(ie,afluidcollectionaroundtheanastomosis with purulent material obtained via percutaneous drainage)didnotsatisfyourcriteriabecausetheyeitherlacked radiographic evidence of communication between the gastrointestinal lumen and abscess cavity or were not tested for one. In this broader group of patients, it may still be appropriate to assume a benign course, with no need for further operative intervention. Because of this, patients whose conditionsdonotimproveratherrapidlyafterpercutaneousdrainage should have a catheter injection to assess whether there is communication with the anastomosis. However, within our narrow definition of leak, our data argue for aggressive 
INVITED CRITIQUE
W hat constitutes a leak after colonic anastomoses and how often should it occur? These questions are answered in the article by Damrauer et al on this topic. Damrauer et al first offer a precise definition of a leak: leaks are "communications between the gastrointestinal lumen and the peritoneum at the anastomosis." This definition is important to distinguish between fluid collections associated with leaks from abscesses that may form from bacterial contamination of the peritoneal cavity that is not associated with a leak. Failure to make this distinction has caused a wide variance in reported colonic anastomotic leak rates, ranging from 0.5% to 30%. True leaks are relatively uncommon. In this series of 4019 patients undergoing colon operations at a single institution between 1992 and 2004, the leak rate was 1.5%.
This number is important. It provides us with a benchmark at which to evaluate surgical performance. Leaks are technical complications. Theoretically, they can be avoided, but, in practice, they are inevitable, occurring at a rate of approximately 1.5%. When do we decide that an individual surgeon's leak rate is too high? Using the cited definition of leaks and considering the natural variation that occurs in complication rates, one could easily justify doubling the leak rate of 1.5% observed by Damrauer et al. Surgeons experiencing leak rates that exceed 3.0% should probably undergo peer review. Should this review threshold be risk adjusted? No; risk adjustment makes little sense for technical complications. Risk adjustment may be helpful for stratifying medical complications, such as pneumonia or postoperative myocardial infarction, based on a patient's overall medical condition and how it may contribute to these sometimes unavoidable complications. Thus, one important outcome from the series of Damrauer et al is the establishment of a clearly articulated definition for colonic anastomotic leaks and their expected rates from which we can benchmark surgeon performance.
The other important conclusion reached from this article is how we should manage these leaks. In contrast to abscesses that are adequately treated by percutaneous drainage, leaks require subsequent operation. Damrauer and colleagues found that 7 of 10 patients with a demonstrated leak as defined by having a "communication between the intestinal lumen and the peritoneum" who were treated by percutaneous drainage procedures ultimately required surgery. In fact, 86% of all patients with leaks required subsequent operation. This subsequent operation rate represents a powerful indictment of conservative approaches for treating leaks. In most cases, nonoperative treatment approaches fail. The authors encourage us to use a strategy of early operation when these leaks are identified to avoid delay in the inevitable and encourage a more rapid recovery from these serious complications. If failure of conservative measures is duplicated in other case series, we may wish to consider early additional operation the standard of care for treating postoperative colonic anastomotic leaks. 
